Objectives: Conducting longitudinal, multicentre, multidisciplinary research for individuals with chronic conditions can be challenging. Despite careful planning, investigative teams must adapt to foreseen and unforeseen problems. Our objective is to identify challenges encountered and solutions sought in a recently completed observational, longitudinal study of youth with cleft lip and palate as well as their caregivers.
cleft are more appropriately studied using observational designs. Yet, little has been published on the challenges experienced while conducting a longitudinal, multicentre, observational study of youth with chronic health conditions. The purpose of this paper is to document challenges and strategies for managing research outcomes of youth with cleft lip and/or palate (CL/P) and their caregivers based on a recently completed 6-year, National Institutes of Health-funded, prospective cohort study of youth with cleft across six cleft treatment centres in the USA. While generating the largest US database of this patient population to date, this study has concurrently provided important insight into foreseen and unforeseen challenges in conducting a complex, multidisciplinary longitudinal study. The goal of this commentary is to share experiences and lessons learned in conducting and managing long-term studies of children with chronic conditions and to inform future studies of other paediatric patient populations.
| STUDY DESCRIPTION AND FINDINGS
This study included a sample of English and/or Spanish-speaking children with CL/P, 7.5-18.5 years of age at baseline, who were seeking evaluations and care for craniofacial conditions at one of six geographically diverse study sites in the USA. Children and one of their caregivers participated in the study. During the course of the study, some participating children received secondary cleft-related surgery, while others did not. Further details regarding the study protocol and procedures have been previously published. [2] [3] [4] [5] Over the 6-year course of the study, a total of 787 surgeries (43% of the participants) were performed across six cleft treatment centres. Approximately 90% of participants completed baseline and one follow-up visit, 60% completed the study protocol (two followup visits postsurgery or baseline), 15% had pending surgical recommendations, and 25% were lost to follow-up.
Prior publications from this study have included longitudinal analyses of positive (resiliency, mastery, and self-concept) and negative (depression, anxiety) components of psychosocial functioning, as well as oral health-related quality of life (OHRQoL). 2, 5, 6, 7 Findings indicate that surgery for CL/P has an immediate negative impact on the family system (for example, relatedness and mastery), but the overall trend in family functioning improves over time. 3 With respect to quality of life, surgical intervention for CL/P was associated with an improvement in OHRQoL over time. However, a higher number of previous surgical interventions was also associated with lower selfand caregiver-rated OHRQoL scores. 2 Additionally, minimally important differences (MID) for clinically meaningful change were calculated for the study sample using both the anchor-based and distribution criteria method. 4 These estimates can be used for surgeons and researchers to determine whether surgical intervention for CL/P has had a meaningful impact beyond statistical significance on patients.
| CH ALLEN GE S AND SOLUTIONS
Our study of a chronic condition population encountered a number of foreseen and unforeseen challenges that required creative problem-solving and flexibility throughout the course of the study. was created that outlined study procedures. The MOPs was also amended throughout the study in response to protocol changes. For example, retest data for Extent of Difference ratings (perceptions data for facial appearance, teeth, and speech) were added to the study with RAs mailing forms 1 week after the follow-up assessment to participants and their caregivers to complete and send back. Additionally, the site PIs had all staff complete Delegation of Responsibility Forms, which detailed the roles and duties of each individual by site. These strategies ensured study personnel across sites understood the protocol and were able to adhere to it. During years 1 and 2 of the grant period, site visits by the PI and the data manager were conducted to discuss challenges at the sites, ensure adherence to the protocol, engage in collective problem-solving, and foster rapport with the teams. Utilizing these strategies (for example, MOPs, Delegation of Responsibility Forms) allowed us to successfully mitigate the challenges associated with protocol adherence across sites.
| Foreseen challenge #3: ensuring data quality
Based on the complex study design, ensuring data quality was paramount.
| Solution
Prior to study commencement, the study PI selected the study measures and met with the statisticians and database manager to review questionnaires and technical infrastructure. The statisticians reviewed the instrument test manuals to assure instrument validation and the existence of proper normative values; the database manager created forms that were readable (for example, using a large font size and contrasting colours for test items) and ready for data entry. The database design ensured that data entered were consistent and within appropriate ranges. To verify accuracy of the data entry, a separate database for a subset of data re-entry was established. The results were compared and verified for accuracy.
After the study began, the database manager routinely checked for any security issues and software updates. As per best clinical practices, any change made to the database was logged with both the old and new values, the identity of the person who made the change, and when and why the change was made. The database was also designed to alert RAs when participants were due for a followup assessment. We found having a skilled, dedicated database manager is essential for conducting multicentre, longitudinal studies. The database design used Oracle database on the back end with a custom web application, allowing sites to use web browser for access.
This design ensured that all data were stored at a central location only and not on sites' computers. The web application was accessible only to authorized personnel associated with the study. This application was enforced by username/password authentication and role-and site-based authorization, only allowing each site access to their site's data. The interface allowed secure data entry, which was protected in transit by industry-standard encryption. All protected health information (PHI) in the back-end database was encrypted, which also provided protection at rest. The interface utilized branching logic, hiding entry fields and forms irrelevant in context. This ensured that only relevant data could be entered. For instance, the "Global Assessment of Change" form would be hidden for initial visit, and only accessible in follow-up visits. Similarly, if surgery was not recommended for the participant, the questions about surgery details were not asked. The interface also verified the completeness and integrity of the data before they were saved, thus improving quality of the data. Involvement and input from the database manager and statisticians prior to and throughout the project ensured that the study's data were of the highest quality possible and that the specific aims could be successfully achieved.
| Foreseen challenge #4: maximizing participant retention
Maintaining participant enrollment over time is an inherent problem in longitudinal studies.
| Solution
To promote and sustain participant interest, newsletters about the study were given to all participants (either via mail or at the time of their clinic appointments). Newsletters provided updates about the study and were also used to disseminate annual study findings. Participants were also sent birthday and holiday cards to foster comradery and reinforce that each site valued youths' continued participation. Anecdotally, participants reported that they valued receiving this information and felt more connected to the long-range goals of the study. A study website was also developed that explained the study aims and updated study findings. Testimonials from the participants and observations from key research team members were also shared in the newsletters and websites. In short, valuing stakeholder engagement meant we made a concerted effort to foster participant interest and promote their retention.
Another tactic, often used in some projects, is the creation of an advisory board comprised of key stakeholders. However, due to the age of the participants and the ongoing relationship between the caregivers and clinical community, such a board was not implemented in this particular study. It has been used in our other research with infants with cleft and their caregivers and may be useful in research with other paediatric patient populations, particularly when clinicians, participants, and community leaders have not had prior engagement with research. Overall, we are confident that these tactics were able to maximize participant retention to the extent possible.
| Foreseen challenge #5: study personnel turnover
Another challenge experienced during this longitudinal study was study personnel turnover, particularly in relation to RAs. RAs played a vital role in enrollment, data collection, and data entry throughout BRODER ET AL.
| 319 the study. Two sites had to replace RAs over the course of the study, and one of the sites had two turnovers in RAs. Unfortunately, the lead statistician also passed away during the course of the study, which meant time and resources were spent finding another statistician and familiarizing him with the dataset, study documentation, and codebooks. While staff changes are expected during the course of longitudinal studies, such turnover meant training the new personnel to ensure continued implementation of the study protocol.
| Solution
One way of dealing with team member turnover that we have successfully used in another study is to create videos and PowerPoint presentations of the study protocol, which can aid in the training of new personnel, particularly RAs. Additionally, ongoing documentation of analytic strategies, decisions, and codebooks, as well as access to the PI, were critical to advance the new statistician's understanding and adaptation. In all, our efforts to train new study personnel were able to successfully mitigate the challenges associated with personnel turnover.
3.6 | Unforeseen challenge #1: departure of plastic surgeon from study site 
An agreed-upon solution to this problem was to have the speech pathologists digitally-record their standard research assessments. This solution eased the burden of rating the speech samples during busy clinic hours.
Such challenges underscore the difficulties inherent to studying cleft care outcomes across centres. Further, RAs made site-specific arrangements to ensure specialists had their designated research clinician forms prior to the participants' clinical evaluations and when and where completed forms were to be received by the RAs for protocol consistency and timely data entry. Such prearrangements were vital as specialists (for example, surgeons) had unexpected appointments at the hospitals.
These strategies successfully alleviated challenges related to completion of the research forms by cleft team members.
| Unforeseen challenge #3: managing differences across sites
The study encountered unanticipated site differences that potentially threatened study objectives. Even though the cleft teams adhered to the ACPA Parameters of Care, 9 teams differed on the timing of surgeries with one site often performing surgeries (for example, secondary palatal surgeries) prior to the study enrollment age of seven.
Variation also existed in treatment activism across sites. For example, only 26% of study participants at one site had surgery compared to 54% of participants at another site. Interestingly, more procedures were actually performed overall than the study PI projected, which is generally the opposite of clinical research trials.
Participant recruitment varied more than was anticipated across sites. Despite requesting sample pool estimates from participating sites during the planning of the proposal and project, there was variability in how valid these estimates were and in how well sites were able to achieve recruitment goals, with several sites under-achieving their projected recruitment estimates. Some of this variability was due to the complexity of patients seen at some sites (for example, greater numbers of children with syndromic clefts or who had clefts in the context of multiple other congenital anomalies) which may not have been fully accounted for in the initial sample estimates. One site actually had a higher patient volume and number of surgeries than anticipated, which helped off-set the sites that under-performed. However, it is important to note that even though differences across sites created challenges, they also revealed impacts from the real world (such as site differences identified above) rather than an ideal experimental one.
| Solutions
Recruitment variability at sites was addressed through annual budget adjustments for sites' participant fees and allotments for personnel at each site, thereby allowing an additional site to be added after year one. As a precaution for under-enrollment, a letter of support for a backup site was secured prior to study initiation, which was important as most trials reportedly underrecruit. 10 Establishing a backup implementation plan proved to be a critical safety net to meet our targeted recruitment and power estimates. While adding a backup site addressed low enrollment at certain sites, in hindsight, inclusion and exclusion criteria must be carefully reviewed and verified with each site PI before site enrollment estimates are calculated during the study planning phase.
3.9 | Unforeseen challenge #4: follow-up assessments
The study was designed with the intention of assessing outcomes at participants' annual team appointments. However, in retrospect, relying on annual team appointments for follow-up proved to be unreal- 
| Solution
To maintain adherence to the study protocol, some participants were seen for their follow-up assessments during partial or single provider visits (for example, orthodontic appointments). While this strategy helped improve the study's ability to gather follow-up data, following participants over time remained a challenge. Emphasizing commitment across sites must be understood and accepted by each team.
Discussions regarding study requirements and participant burden were conducted during the later years. 11 and telephone interviews are worthy of consideration.
| CONCLUSIONS
Fortunately, advancements in statistical programs and methods were employed to control for time variability between follow-up participant assessments.
Categorizing some challenges as "foreseen" and others as "un- 
